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The article gives the results of studying hydration processes occurring in cement synthesis
using waste products of chemical industry. Cement clinker was synthesized with the relation
of initial raw components, calcium-containing water treatment waste and rejected nickel-
containing catalyst of AZOT Private Joint Stock Company (Severodonetsk, Luhansk Region,
Ukraine), equal to 50/50. The obtained samples were studied by Strelkov minor method:
normal density, setting time and mechanical strength were determined within 1, 3, 7 and
28 days. The results regarding the setting product were analyzed by differential thermal,
X-ray phase analysis, microscopic analysis and electron microscopy; this enables to control
the phase relation in the synthesis of a new class of aluminate cements using waste products
of chemical industry. The obtained data showed the absence of cubic hydroaluminates
which deteriorate the strength. The methods of physicochemical analysis revealed that the
phase composition of hydrated alumina cement is represented by calcium hydroaluminate
of different basicity, whereas cleavage structure consists of prismatic crystals which give
dual coalescence, and this is favorable form to provide matrix self-reinforcement. The
developed composition of aluminous nickel-containing cement referred to hydraulic binders.
The results of physical-mechanical tests of the synthesized cements indicated that the
obtained cements are quick-setting, fast-hardening and high-strength materials.
Keywords: nickel oxide, alumina cement, hydration, X-ray analysis, calcium
hydroaluminates, structure.
Introduction
In conditions of swift development and
industrialization, special attention is paid to the use
of secondary raw materials or substandard materials
that are amenable to recycling. The main fields of
application of such materials are the industrial
branches of construction materials, chemical and
metallurgy industries. [1]. A great attention is also
focused on the refractory cementing materials. A
deficiency of raw materials and a high cost of pure
raw materials encourage the development of the new
types of binding materials of a special purpose that
enable a more efficient use of the resources reducing
thus the cost price of end products [2,3].
Experimental methods, results and discussion
For research purposes, we synthesized the
cement clinker with the 50/50 ratio of initial raw
materials, in particular the calcium-containing water
preparation waste and the nickel catalyst carrier waste
from the Private Joint Stock Company «North-
Donetsk Association AZOT» ( K-905 D2) [1].
Using a number of physical and chemical
methods of analysis, we studied the hydration
products of alumina nickel-containing cement. The
cements were manufactured and exposed to
hardening under air-moist conditions during 1, 3, 7,
14 and 28 days. The hardening products were studied
using the differential-thermal, X-ray phase analysis
and microscopic methods of analysis [8]. Figure 1
gives the data of differential-thermal research of
hydrated cement. It has been established that a
specific stepwise dehydration of available calcium
hydroaluminates of a different composition is
observed with the temperature rise that results in
the endothermic effect at the temperatures of 140 to
1600C [4].
The endothermic effect at the temperatures of
280 to 4400C is related to the stepwise character of
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water removal. The endothermic effect at 3800C
corresponds to the removal of the constituent water
from Al (OH)3. The endothermic effects at the
temperatures of 7800C and 9600C correspond to the
complete dehydration of calcium hydroaluminates,
recrystallization and growth of the crystals of calcium
aluminates that form the reinforcing skeleton and
increase the cement strength [5,6,7].
It should be noted that the peak typical of the
stepwise dehydration of calcium hydroaluminates of
a different composition deepens as the hydration
time is increased, and the peak typical of the
dehydration of aluminium hydrates of a different
composition drops. However, a drop in the cement
stone strength due to the crystallization of cubic
hydroaluminates is not observed; it complies with
the data of X-phase analysis.
The research performed by using the X-ray
analysis data (Figs. 2–6) shows that the main crystal
phases of hydrated nickel-containing alumina cement
are the calcium aluminates that failed to react, in
particular CaAl2O4 (d10
–10=2.4; 2.519; 2.973; 3.719;
4.68 m), NiAl2O4 (d10
–10=4.68; 2.856; 2.438 m),
CaAl4O7 (d10
–10=2.597; 3.089; 3.509 m), gelenite
Ca2Al2SiO7 (d10
–10=1.761; 2.4; 2.438; 2.856 m),
calcium hydroaluminate CaAl2O410H2O
(d 10–10=4.446; 7.21; 14.19 m), and also
(CaÎ, MgÎ)Al2Î3CO311Í2Î (d10
–10=2.519;
2.856; 3.719 m).
The obtained data match well with the data of
differential thermal analysis and show the absence
of cubic calcium hydroaluminates that facilitate the
Fig. 1. DTA curves of hydrated alumina cement
Fig. 2. Bar roentgenogram of hydrated alumina cement (1 day old)
Fig. 3. Bar roentgenogram of hydrated alumina cement (3 days old)
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strength drop.
Microscopic investigations showed that the
cleavage structure of hydrated nickel-containing
alumina cement is mainly represented by uniformly
distributed colorless needle crystals and grayish-brown
crystals with hexagonal outlines and a weak double-
refraction (Fig. 7). The grains are identified as calcium
hydroaluminate, apparently containing Ca (to 35 vol.%)
[8,9]. Some pores are fine, they are of a closed type
and are not communicating with each other.
The SEM microphotograph (Fig. 8) shows the
pore in the nonisotropic heterophase material at a
Fig. 6. Bar roentgenogram of hydrated alumina cement (28 days old)
Fig. 4. Bar roentgenogram of hydrated alumina cement (7 days old)
Fig. 5. Bar roentgenogram of hydrated alumina cement (14 days old)
a                                          b
Fig. 7. Microscopic structure of the cleavage of hydrated
nickel-containing alumina cement: a – magnification 40;
b – magnification 64
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magnification of 6000. The pore structure is
represented by disperse particles with an almost
spherical shape (a diameter of ca. 10 mm), short
prismatic and cubic crystallites (with the ribs of
12 mm and 1 mm, respectivly) and also multiple
finer microcrystals with fuzzy outlines that cover the
entire internal pore surface [9].
Fig. 8. Microscopic structure of the cleavage of hydrated
nickel-containing alumina cement (magnification: 6000)
The surface of specimen (Fig. 9) shows the
matrix fine-disperse phase. The media were not
identified morphologically due to fine particles;
however, long prismatic crystals (up to 0.5 mm) and
thin-needle crystals of up to 7 mm long were
identified.
Fig. 9. Microscopic structure of the cleavage of hydrated
nickel-containing alumina cement (magnification: 3000)
Prismatic crystals are interlaced and give double
concretions (below and to the left of the center of
the photo) that cause the effect of mechanical
meshing. Needle crystals penetrate into the fine-
disperse matrix phase and sometimes their sharp
portion protrudes into the pore space that provides
the effect of self-reinforcement and disperse
reinforcement [1].
The synthesized cements were subjected to
physical and mechanical tests. The specimens were
made of the paste of a normal density and were
tested using the methods of small-size specimens.
The specimens have been hardened for 1, 3, 7, 14
and 28 days in air-moist conditions. The results of
the test are given in Table.
Physical and mechanical test data for the alumina nickel-
containing cement obtained using substandard raw
materials*
Age, days Compression strength margin, MPa 
1 19 
3 56 
7 63 
14 68 
28 74 
 
Note: * – Initial material: alumina nickel-containing cement
(50–50); water/cement=0.27; hardening conditions: air-moist.
The obtained data show that the developed
composition of alumina nickel-containing cement
refers to hydraulic binding materials with a normal
water-to-cement ratio and it is fast-setting (it starts
to set after 60 min to 1 hour 30 min and the setting
process ends after 1 hour 50 min to 2 hours 30 min),
fast hardening (the compression strength margin is
56 MPa at the age of 3 days of the hardening) and it
is a high strength material (the compression strength
margin is 74 MPa at the age of 28 days of the
hardening).
Conclusions
Using a variety of the physical and chemical
methods of analysis, we studied the hydration
products of nickel-containing alumina cement. It
was established that high cement strength is provided
by the presence of calcium hydroaluminates of
CaOAl2O310H2O type, aluminium hydroxide and
the unhydrated grains of calcium aluminates that
contribute to a further durable gain in strength. The
coexistence of the phases both in crystal and colloidal
states provides a high strength of the cement stone.
It was established that the cleavage structure of
hydrated alumina cement is mainly represented by
uniformly distributed colorless needle crystals that
facilitate the reinforcement of the cement stone and
also by the grayish-brown crystals with hexagonal
outlines and weak double refraction that are identified
as calcium hydroaluminate, apparently of a
CaAl2O410H2O (up to 35 vol.%) composition.
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ÄÎÑË²ÄÆÅÍÍß ÎÑÎÁËÈÂÎÑÒÅÉ ÏÐÎÖÅÑ²Â
Ã²ÄÐÎÒÀÖ²¯ ÃËÈÍÎÇÅÌÈÑÒÈÕ ÖÅÌÅÍÒ²Â ÍÀ
ÎÑÍÎÂ² ÑÏÎËÓÊ ÑÈÑÒÅÌÈ ÑàÎ–NiÎ–À12Î3
Ã.Ì. Øàáàíîâà, À.Ì. Êîðîãîäñüêà, Ð.Ì. Âîðîæá³ÿí,
Í.Ñ. Öàïêî, Î.Â. Õðèñòè÷, Î.Ã. Øóòèíñüêèé
Â äàí³é ñòàòò³ íàâåäåí³ ðåçóëüòàòè äîñë³äæåííÿ ïðî-
öåñ³â ã³äðàòàö³¿, ùî â³äáóâàþòüñÿ ïðè ñèíòåç³ öåìåíòó íà îñ-
íîâ³ â³äõîä³â õ³ì³÷íî¿ ïðîìèñëîâîñò³. Äëÿ çä³éñíåííÿ äîñë³äæåíü
ñèíòåçîâàíî öåìåíòíèé êë³íêåð ç ñï³ââ³äíîøåííÿì âèõ³äíèõ
ñèðîâèííèõ ìàòåð³àë³â 50/50: êàëüö³ºâì³ñí³ â³äõîäè âîäîï³äãî-
òîâêè ³ â³äáðàêîâàí³ (â³äïðàöüîâàíèé) í³êåëü-âì³ñíèé êàòàë³-
çàòîð ÏðÀÒ «Àçîò» ì. Ñºâºðîäîíåöüêà (Ëóãàíñüêà îáëàñòü,
Óêðà¿íà). Âèãîòîâëåí³ çðàçêè äîñë³äæóâàëèñÿ ç çàëó÷åííÿì ìàëî¿
ìåòîäèêè Ñòðºëêîâà: íîðìàëüíà ãóñòîòà, òåðì³íè ñõîïëþ-
âàííÿ ³ ìåõàí³÷íà ì³öí³ñòü ó â³ö³ 1, 3, 7 ³ 28 ä³á. Íàäàí³ ðåçóëü-
òàòè ïðîäóêò³â òâåðä³ííÿ àíàë³çóâàëèñÿ çà äîïîìîãîþ äèôå-
ðåíö³éíî-òåðì³÷íîãî, ðåíòãåíîôàçîâîãî, ì³êðîñêîï³÷íîãî ìå-
òîä³â àíàë³çó, à òàêîæ åëåêòðîííî¿ ì³êðîñêîï³¿, ùî äàº ìîæ-
ëèâ³ñòü òåõíîëîã³÷íîãî ðåãóëþâàííÿ ñï³ââ³äíîøåííÿ ôàç ïðè
ñèíòåç³ íîâîãî êëàñó àëþì³íàòíèõ öåìåíò³â ç âèêîðèñòàííÿì
â³äõîä³â õ³ì³÷íî¿ ïðîìèñëîâîñò³. Îòðèìàí³ äàí³ ïîêàçóþòü
â³äñóòí³ñòü êóá³÷íèõ ã³äðîàëþì³íàò³â êàëüö³þ, ñïðèÿþòü ñêè-
äàííÿ ì³öíîñò³. Ô³çèêî-õ³ì³÷íèìè ìåòîäàìè àíàë³çó âñòàíîâ-
ëåíî, ùî ôàçîâèé ñêëàä ã³äðàòîâàíîãî ãëèíîçåìèñòîãî öåìåí-
òó íàäàíèé ã³äðîàëþì³íàòàìè êàëüö³þ ð³çíî¿ îñíîâíîñò³, à
ñòðóêòóðà â³äêîëó – ïðèçìàòè÷íèìè êðèñòàëàìè, ÿê³ äàþòü
ïîäâ³éí³ çðîùåííÿ, ùî ñïðèÿº ñàìîàðìóâàííþ ìàòðèö³. Ðîçðîá-
ëåíèé ñêëàä ãëèíîçåìèñòîãî í³êåëü öåìåíòó â³äíîñèòüñÿ äî
ã³äðàâë³÷íèõ â’ÿçêèõ ìàòåð³àë³â, çä³éñíåí³ ô³çèêî-ìåõàí³÷í³
âèïðîáóâàííÿ ñèíòåçîâàíèõ öåìåíò³â ñâ³ä÷àòü ïðî òå, ùî îäåð-
æàí³ öåìåíòè º øâèäêîòóæàâíèìè, øâèäêîòâåðäíèìè ³ âèñî-
êîì³öíèìè ìàòåð³àëàìè.
Êëþ÷îâ³ ñëîâà: îêñèä í³êåëþ, ãëèíîçåìèñòèé öåìåíò,
ã³äðàòàö³ÿ, ðåíòãåíîôàçîâèé àíàë³ç, ã³äðîàëþì³íàòè êàëüö³þ,
ñòðóêòóðà.
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The article gives the results of studying hydration processes
occurring in cement synthesis using waste products of chemical
industry. Cement clinker was synthesized with the relation of initial
raw components, calcium-containing water treatment waste and
rejected nickel-containing catalyst of AZOT Private Joint Stock
Company (Severodonetsk, Luhansk Region, Ukraine), equal to
50/50. The obtained samples were studied by Strelkov minor method:
normal density, setting time and mechanical strength were determined
within 1, 3, 7 and 28 days. The results regarding the setting product
were analyzed by differential thermal, X-ray phase analysis,
microscopic analysis and electron microscopy; this enables to control
the phase relation in the synthesis of a new class of aluminate cements
using waste products of chemical industry. The obtained data showed
the absence of cubic hydroaluminates which deteriorate the strength.
The methods of physicochemical analysis revealed that the phase
composition of hydrated alumina cement is represented by calcium
hydroaluminate of different basicity, whereas cleavage structure
consists of prismatic crystals which give dual coalescence, and this is
favorable form to provide matrix self-reinforcement. The developed
composition of aluminous nickel-containing cement referred to
hydraulic binders. The results of physical-mechanical tests of the
synthesized cements indicated that the obtained cements are quick-
setting, fast-hardening and high-strength materials.
Keywords: nickel oxide; alumina cement; hydration;
X-ray analysis; calcium hydroaluminates; structure.
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